Three Lycopodiaceae species from French Polynesia, Lycopodium venustulum C. Gaudichaud, Lycopodiella cernua (C. Linnaeus) R. E. Pichi Sermolli and Lycopodium henryanum E. D. Brown were investigated for their alkaloidal composition by UHPLC/ESI-TOF-MS. Ten alkaloids were identified, with lycopodine and lycodoline being the main constituents in the three species. The acetylcholinesterase-inhibitory activities of the three species are probably due to the occurrence of huperzine A, huperzine B, huperzine E, huperzinine and lycopodine.
Increase in the acetylcholine level in the brain using acetylcholinesterase inhibitors is an important approach to treating Alzheimer's disease [1] . huperzine A has been found to be a potent, strongly reversible and highly selective acetylcholinesterase inhibitor [2, 3] . Plants belonging to the Lycopodiaceae family have been reported to have acetylcholinesterase inhibitory potential [4, 5] , and have been shown to be a source of huperzine A [6, 7] .
In the present study, three Lycopodiaceae species from French Polynesia (Lycopodium venustulum C. Gaudichaud, Lycopodiella cernua (C. Linnaeus) R. E. Pichi Sermolli and Lycopodium henryanum E. D. Brown) were investigated by UHPLC/ESI-TOF-MS to detect the presence of alkaloids possessing acetylcholinesterase inhibitory activity and Lycopodium alkaloids [8] , combining the advantages of TLC bioautographic detection.
A rapid bioautographic assay on TLC plates was carried out for the screening of acetylcholinesterase inhibition. The samples were then submitted to Ultra High Performance Liquid Chromatography coupled to Time-Of-Flight Mass Spectrometry and Diode Array Detection (UHPLC/ESI-TOF-MS-DAD) analyses. The advantages of UHPLC/ESI-TOF-MS-DAD are very high resolution, detection of small quantities, and both DAD and MS as identification methods. DAD and MS can provide on-line UV and MS information for each individual peak in a chromatogram.
Screening of species of Lycopodiaceae
Bioautographic assays using TLC plates play an interesting part in the search for active compounds from plants, giving rapid data concerning the activity in complex plant matrices [9] .
The chloroform extracts of the three Lycopodiaceae species were tested under the conditions described in the experimental section. The different extracts, together with the reference compound huperzine A, were tested by TLC for their activity against acetylcholinesterase. Although the sensitivity in this test for huperzine A is 0.2 ng, this compound was hardly detectable in the three clubmosses by TLC. Huperzine A produced a spot with an R f value of 0.2, but no spot with the same R f was found for the plant extracts. However, the different chloroform extracts showed several other white spots [R f of 0. For mass detection, both negative and positive ion modes were tested. The latter was chosen because all the constituents exhibited their quasi-molecular ions [M+H] + in this mode. Identification of the constituents was based on their m/z values, retention times, UV spectra and by comparison with either standard compounds or literature data.
Ten known alkaloids were identified by UHPLC/ESI-TOF-MS-DAD analysis of the alkaloid extracts: lycodine (1), huperzine B (2), huperzine A (3), cernuine (4), huperzine E (5), lycopodine (6), lycodoline (7) , lycocernuine (8), lycopladine B (9) and huperzinine (10). The limit of detection (LOD) for huperzine A was 274 pg for a signal-to-noise ratio of 3:1. We analysed the results according to the detected and identified compounds, as well as according to the harvesting season of the clubmosses, so as to study the influence of climate on alkaloid occurrence. The results are shown in Table 1 .
Among the different alkaloids identified, three of them are volatile, lycodine, lycopodine and lycodoline [10] . Five are known for having acetylcholinesterase inhibitor activity, huperzine A, huperzine B [11] , huperzine E [12] , lycopodine [13, 14] , and huperzinine [15] . Two compounds, cernuine and lycocernuine, have been isolated previously from L. cernua [16] , and lycopladine B is known for having no in vitro cytotoxicity against murine lymphoma L1210 cells and human epidermoid carcinoma KB cells [17] .
We first noted the presence of lycopodine and lycodoline in all three studied clubmosses, whatever the harvesting season, in relatively stable and high quantities. The presence of lycopodine is all the more interesting because of its reported beneficial Structures of compounds 1-10. medicinal properties, such as anticholinesterase activity [12, 13] . Traces of huperzine A were detected only in L. cernua. The presence of this molecule does not seem to vary according to the harvesting season.
With regards to the other molecules possessing an acetylcholinesterase inhibitory activity, traces of the following compounds could be found: -Huperzine B in Lycopodiella cernua and Lycopodium venustulum harvested in July 2008, immediately after the cool and dry season.
-Huperzine E was found in Lycopodiella cernua and Lycopodium henryanum harvested in April 2009, which was after the rainy season, whereas huperzine E was found in both harvested sets of L. venustulum.
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We noticed that traces of lycopladine B could be found in all three species of clubmoss, whatever the time of harvest.
Lycocernuine (8) and cernuine (4) have only been reported previously in L. cernua [16] . The absence of these two compounds in the other two clubmosses enabled us to assign a specific profile to L. cernua. These two alkaloids could be used to distinguish the three Lycopodiaceae species of French Polynesia.
In conclusion, the data showed the presence of alkaloids in the three French Polynesian clubmosses studied. Despite their low quantities, the presence of molecules having acetylcholinesterase activity is interesting and encouraging. We also observed that the seasons have no influence on the alkaloid content of the three Lycopodiaceae species of French Polynesia. These results show the value of combining a simple and rapid TLC bioautographic method for the screening of acetylcholinesterase inhibition with an analytical method (UHPLC/ESI-TOF-MS-DAD) for the separation and detection of small quantities of compounds not detectable by traditional LC-MS. This is the first literature report of the alkaloidal content of these three French Polynesian clubmosses. 
Experimental

Acetylcholinesterase activity-TLC bioautographic assay:
The dried extracts obtained as above were dissolved in chloroform to prepare a 1 mg/mL solution. For each sample, 100 μL was spotted onto pre-coated silica gel 60 F 254 aluminium plates (Merck, Darmstadt, Germany). Huperzine A (0.01 μg) was used as the positive reference. After migration of the chloroform samples in chloroform: methanol (45:55), the TLC plate was dried for complete removal of solvent before the assay. A solution of 1000 units of acetylcholinesterase dissolved in 150 mL of 0.05 M Tris-hydrochloric acid buffer (pH 7.8), with 1% bovine serum albumin, was sprayed and dried again, followed by incubation in a plastic tank with a humid atmosphere at 37°C for 20 min. A mixture of one part α-naphtyl acetate (2.5 mg/mL in ethanol) and four parts Fast Blue B
